Agricultural runoff carries high nutrient loads to receiving waters, contributing to eutrophication. Managed wetlands can be used in integrated management eff orts to intercept nutrients before they enter downstream aquatic systems, but detailed information regarding sorption and desorption of P by wetland sediments during typical inundation cycles is lacking. Th is study seeks to quantify and elucidate how inundation of wetland sediments aff ects bioavailability of P and contributions of P to downstream systems. A managed wetland cell in Tunica County, Mississippi was subjected to a simulated agricultural runoff event and was monitored for bioavailable phosphorus (water-extractable P [P w ], Fe-P, and Al-P) of wetland sediments and water level during the runoff event and for 130 d afterward. Inundation varied longitudinally within the wetland, with data supporting signifi cant temporal relationships between inundation and P w desorption. Concentrations of P w were signifi cantly higher at the site that exhibited variable hydroperiods (100 m) as compared with sites under consistent inundation. Th is suggests that sites that are inundated for longer periods of time desorb less P w immediately to the environment than sites that have periodic or ephemeral inundation. Concentrations of iron oxalate and NaOH-P were signifi cantly higher at the least inundated site as compared with all other sites (F = 5.43; p = 0.001) irrespective of time. Th ese results support the hypothesis that increased hydraulic residence time decreases the bioavailability of P in wetland sediments receiving agricultural runoff . Th is fi nding suggests that the restoration of wetlands in the mid-southern United States may be hydrologically managed to improve P retention.
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Inundation Infl uences on Bioavailability of Phosphorus in Managed Wetland Sediments in Agricultural Landscapes
Robert Kröger,* Richard E. Lizotte, Jr., F. Douglas Shields, Jr., and Elizabeth Usborne E ffective agricultural effluent reduction requires the adoption of best management practices that avoid or limit nutrient applications or control and trap nutrient runoff . Less-than-eff ective management results in nutrient-laden (nitrogen [N] and phosphorus [P] ) runoff reaching downstream aquatic systems, resulting in accelerated eutrophication and aquatic ecosystem degradation. Th e use of aquatic systems for controlling and trapping agricultural nutrients is well known and documented for riparian wetlands (Casey and Klaine, 2001) , drainage ditches (Kröger et al., 2007; Kröger et al., 2008) , northern prairie wetlands (White et al., 2000) , and constructed wetlands (Hammer, 1999; Hammer and Knight, 1994; Hey et al., 1994; Maynard et al., 2009a) . Th e construction of wetlands within the agricultural landscape, however, requires removal of land from production, reducing yield and profi t and, in these economic times, creating unwillingness toward the use of constructed wetlands as management practices. Scientists have begun to look at primary and secondary aquatic systems within the agricultural landscapes as alternative management options. Drainage ditches and bendways or old river cutoff s are typical quasiaquatic features of agricultural landscapes in alluvial areas (i.e., Lower Mississippi River alluvial fl oodplain-the Mississippi Delta) and as such can be manipulated to improve nutrient retention and reduction. Maynard et al. (2009a) highlighted the eff ectiveness of an inundated fl ow-through constructed wetland in the San Joaquin Valley, California on bioavailable P attenuation from agricultural irrigation tailwaters. Management of these systems typically involves increasing hydraulic retention time (HRT), thus increasing the contact time for biological and biogeochemical nutrient assimilation and transformation. Little is known about how this increased residence time aff ects the dynamics of bioavailability of P within wetland sediments, specifi cally, sediments that typically experience consistent ephemeral conditions in systems without controlled drainage mechanisms that through management have longer than typical inundation pulses.
Management practices using aquatic systems adjacent to agriculture for nutrient reductions are a recent development. Moore et al. (2001) and Needelman et al. (2007) discuss the benefi ts of vegetated drainage ditches in water quality improvements. Drainage ditches with mature vegetation reduce N and P concentrations and loads before runoff reaches downstream systems (Kröger et al., 2007; Kröger et al., 2008; Moore et al., 2010) and as such are being advocated as an environmental quality incentives practice (practice 607a) in Mississippi. Agricultural landscapes in fertile alluvial soils typically contain remnant abandoned river channels, present as shallow lakes, bayous, or wetlands, that receive fl ows from agricultural drainage ditches. Th ese old channels are typically fl owthrough systems with low HRT. Hydrologically manipulating these systems as treatment wetlands (fostering development of wetland vegetation and generally increasing HRT) will yield improvements in pollutant reduction (Lizotte et al., 2009; Shields and Pearce, 2010) . Th e use of constructed wetlands for nutrient removal is a ubiquitous practice globally and has been reported in the Czech Republic (Vymazal, 1999) , Korea (Yoo et al., 2006) , South Africa (Schulz, 2002) , Australia (Hawkins et al., 2002) , and North America (Cronk and Mitsch, 1993; Mitsch et al., 1995; Yates and Prasher, 2009) . A common goal of constructed wetlands is to reduce N and P, with equal attention devoted to each in the scientifi c literature. Phosphorus is regarded as the more diffi cult nutrient to mitigate or reduce because it has no permanent gaseous phase as a loss pathway. Phosphorus is typically trapped within the system, and it remains in the system (assimilated, precipitated, or adsorbed) or is moved out through fl ushing, desorption, or senescence processes. Th e release of P to the overlying water column and eventual export to downstream aquatic systems is a function of a number of parameters, including pH; redox (Eh); temperature; Fe, Ca, and Al sediment concentrations; sediment composition (i.e., particle size); and pore water P concentrations. Typically, anaerobic conditions decrease the redox, thereby reducing ferric (III) oxides and hydroxides and the potential desorption of associated phosphate anions (Reddy and Delaune, 2008) . Maynard et al. (2009b) documented how wetlands that developed as a result of hydrodynamics exhibited spatially variable P sorption capacity through sedimentation and Fe-oxide transformation. Mitsch et al. (1995) reported P reductions for constructed riparian marshes under two hydrologic regimes (high-fl ow, short HRT; low-fl ow, long HRT). Mean nutrient retention was 82 to 98% for long HRT systems, as compared with 53 to 96% for short HRT systems. Olila et al. (1997) found that soil P fl ux increases as the duration between fl ooding and drained conditions increases. Th us, P dynamics need to be carefully managed and manipulated to achieve the desired nutrient reduction goals within these agricultural aquatic systems that are typically ephemeral by nature.
Focus on P mitigation is common because P is limiting for most freshwater surface systems (Sharpley, 1980) . Typically, agricultural runoff has various forms of P in transport: dissolved inorganic as well as bound organic and inorganic P to particulates (Robinson et al., 1994) . Bound inorganic forms may be considered bioavailable depending on biogeochemical conditions. Bioavailability of P is defi ned in this study as P that is readily available for algal assimilation, use, and growth (Sharpley et al., 1992) . Bioavailable P constitutes immediately dissolved monomeric orthophosphate (P w ) and bound organic and inorganic P (Fe-P and Al-P) that, through biogeochemical conditions of soil redox and pH, are available in the overlying water column. Intermittent fl ooding and draining of wetland soils result in considerable temporal variability in soil redox potentials and thus P dynamics. In the Lower Mississippi Alluvial Valley, where this study took place, it is common for aquatic systems adjacent to agriculture to be hydrologically disconnected from the main river stem. Some systems are considered ephemeral, with complete dry-out in times of infrequent rainfall (i.e., mid-to late summer) and signifi cant inundation with storm events for variable periods of time depending on antecedent water table conditions and rainfall patterns. Baldwin (1996) showed that sediments that had been desiccated or oxidized had a substantially lower affi nity for P than submerged sediments. Th e goal of the current study was to examine how increased inundation of restored wetland sediments resulted in changes to immediately bioavailable P in its two forms: (i) P w and (ii) P associated with Fe-and Al-P (P ox ). Th e hypothesis is that increased hydraulic residence time will decrease the bioavailability of P from sediments. Further changes in hydrology and P were monitored through time (130 d) to understand changes in bioavailability of P within the restored wetland.
Materials and Methods

Study Area
Th e study area was adjacent to a reach of the Coldwater River in northwestern Mississippi (34°40′05.85′′ N, 90°13′38.77′′ W). Th e managed wetland was part of a severed meander bend backwater that was about 2.5 km long and 20 to 40 m wide. Located inside the Coldwater River mainstem fl ood control levee, the bendway was a result of a 0.4-km cutoff constructed in [1941] [1942] (Fig. 1) . Land use surrounding the bendway was row-crop agriculture, with a buff er of natural vegetation 5 to 100 m wide on both banks. Watershed soils were primarily poorly drained Alligator (40%) or Sharkey clays (47%), with the remainder being Tensas silty clay loam. During the period of interest, crops were limited to soybeans (Glycine max) grown using no-till or minimum tillage. Water levels in the old bend were managed using two weirs that created a larger, deeper segment managed as a lake habitat and a smaller, shallower segment, 500 m long by 20 m wide, that was managed as a wetland (Fig. 1) . Infl ow to the wetland cell is received from the northern lake cell through the upstream weir. Further inputs to the wetland cell included sporadic fl ows due to runoff events from about 350 ha of cultivated fi elds and less frequent but larger fl ood events from the river. Field runoff was concentrated in a network of ditches feeding a slough that was a tributary to the wetland cell through a 0.6-m-diameter pipe culvert. Plant populations were dominated by grasses (Leersia oryzoides L.), sedges (Cyperus sp., Carex sp.), and duckweed (Lemnaceae). Mature forest lined the banks of the old river channel that comprised the wetland cell, and woody species occasionally occurred in the wetland cell itself. Previous work showed an average total P loading for the wetland of 820 g m −2 yr −1
, with retention of about 29% for an 18-mo period with no fl ooding from the river (Shields and Pearce, 2010) . Filterable P loading was 181 g m
, with retention of about 34% (Shields and Pearce, 2010) .
Site Hydrology
On 24 June 2009, water was released from the upstream lake cell portion of the backwater into the modifi ed wetland cell portion over about 4 h, simulating agricultural runoff during a 1-h, 1.27-cm rainfall event from a 16-ha cultivated fi eld. Wetland fl ow rates were continuously recorded by measuring the depth of fl ow over the weir and converting fl ow depth to discharge using a rating curve provided by the manufacturer. Th ese fl ow rates were verifi ed using acoustic and electromagnetic devices in the discharge channel. Outfl ow from the wetland was monitored throughout the study using a logging pressure transducer (HOBO U20, Onset) to record the depth of fl ow over the weir structure. Th ere was an additional water level logger at the 10-m transect within the managed wetland. Both water level loggers recorded water levels at 20-min intervals from a few hours before the simulated runoff event to 130 d after the event. A bathymetric map of the wetland (Fig. 2 ) was combined with water stage hydrographs from the inlet and outlet water level loggers to produce a series of water depths for the wetland. Inundation was calculated as the percentage of time that a given sampled point was inundated between 24 June and 1 Nov. 2009 (Table 1) .
A target suspended sediment concentration (SS target ) for the artifi cial runoff event was arbitrarily set equal to the maximum observed June SS concentration for the slough tributary to the wetland (325 mg L −1 ). Th is slough conveys runoff from about 350 ha of cultivated lands into the wetland, and grab samples were collected from this slough (when it contained water) during [2007] [2008] [2009] . A hydrograph for the artifi cial event was designed by scaling an observed hydrograph from the tributary slough so that the peak fl ow was equal to the maximum discharge that could be obtained by releasing water from the lake cell through the drainage structure into the wetland (0.090
). Th e event hydrograph was generated by removing and replacing fl ashboards from the drainage structure at set times. Field soil was obtained from the adjacent fl oodplain, weighed, and amended to the fl ow through the drainage structure during the entire 4-h duration of the artifi cial event (Fig. 3) . Turbulence of fl ow through the structure was adequate to fully suspend the amended sediment. Th e mass of soil to be added during each increment of the event was determined as follows. First the volume of water to be released during each time increment (V wi, L) was computed by multiplying the target fl ow rate (Q wi , L s −1 ) times the length of the time increment (Δt i , s):
Th en the mass of soil to be added during each increment (W si , mg) was determined by target lake wi si
where SS lake is the SS of lake cell waters used to generate artifi cial runoff , and w is the water content of soil, which was assumed to be 30% based on Mostovoy and Anantharaj (2008). During the fi rst 1.3 h of the 4-h runoff event, a mixture comprised of suspended sediment, N (340 g kg −1 as NH 4 NO 3 ), P (420 g kg −1 P 2 O 5 as triple superphosphate), atrazine, S-metolachlor, and permethrin was amended to waters released from the lake cell into the wetland. Approximately 6.1 kg of NH 4 NO 3 , 3.6 kg of P 2 O 5 , 72.7 g a.i. atrazine with 54.5 g a.i. S-metolachlor (Bicep II Magnum, Syngenta), and 11.4 g a.i. permethrin (Hi-Yield 38, Voluntary Purchasing Group) were injected during this period. Field soil was added as sediment incrementally by gradually dumping preweighed plastic buckets of sediment with each time step to the event discharge through the Agri-Drain (Agri-Drain Corp.) water control structure (Fig. 3) .
Water and Sediment Sampling
Water and sediment samples were taken before and after the simulated event at fi ve designated transect locations. Transects were at 10, 40, 100, 300, and 500 m from the infl ow ( Fig. 1  and 2 ). Duplicate water samples and triplicate (left, central, and right channel from descending bank) sediment samples were taken at each transect location pre-event and at time 0, 1, 2, 3, 4, 5, and 6 h, respectively. Sediment samples were also taken every month for 5 mo (130 d) after the event. Sediment was taken in 50-mL polyethylene centrifuge tubes (VWR International) from the top 0 to 5 cm of sediment profi le. Sediment and water samples were placed immediately on ice and transported to the Water Quality Ecological Processes Research Unit at the USDA-ARS, National Sedimentation Laboratory, Oxford, Mississippi. Water samples were fi ltered through 0.45-μm cellulose fi lter membranes, and 50-mL aliquots were separated for dissolved inorganic P (DIP) colorimetric analysis (Murphy and Riley, 1962) . Similar analyses were performed on unfi ltered, persulfate digested water samples to determine total inorganic P (TIP). In situ water quality parameters of temperature, pH, conductivity, and dissolved oxygen were recorded at all fi ve transects using deployable YSI 8500 series data sondes (Yellow Springs Instruments). Th e logistical limitation of the number of data sondes available precluded all transect sites been recorded at the same time. Th ree dates (16, 17, and 22 June) before the runoff event and 3 d after the experiment (24 June, 12 and 20 July) were recorded for 24 h in situ water quality parameters (Table 2) . Soil particle size analysis was performed on bulk samples of sediment across each transect with a particle size analyzer (model LA-910; Horiba Scientifi c). Sediment samples were analyzed for carbon (C) and N using a Vario Max CNS instrument (Elementar Analysensysteme GmbH) in CN mode.
Sediment Bioavailable Phosphorus Fractionation
Collected sediments were fractionated, centrifuged, fi ltered, and analyzed according to set standard methods (Maguire and Sims, 2002; Ruban et al., 1999; Ruban et al., 2001 ). In the current study, bioavailable P was immediately dissolved monomeric orthophosphate, commonly referred to as waterextractable P (P w ), which was defi ned as biologically active, loosely bound or nonoccluded P that is immediately available or desorbed to the overlying water column through inundation (Nguyen and Sukias, 2002; Pautler and Sims, 2000) . Water-extractable P determination followed the method by Sissingh (1971) , where P w was measured at a water:soil ratio of 60:1 (v/v). After centrifugation, the supernatant was fi ltered through a 0.45-μm nitrate-cellulose Whatmann fi lter, with reactive P determination following the molybdenum-blue reaction of Murphy and Riley (1962) using a spectrophotometer (DR-5000; Hach, Inc.). Acid ammonium extraction followed the method of Vaughan et al. (2007) (Maguire and Sims, 2002; Pautler and Sims, 2000) . Centrifuge tubes (50 mL) were shaken in the dark for 4 h and immediately centrifuged, and the supernatant was decanted. Atomic adsorption analysis (Analyst 200; PerkinElmer, Waltham, MA) for Fe required the supernatant aliquot to be diluted 1:4 with ) and was delivered using nitrous oxide as the oxidant at 6 L min −1
. Phosphorus oxalate (P ox ) was determined on an ICP-MS ELAN 9000 (PerkinElmer) with a dilution of 1:50 deionized water. Atomic adsorption and ICP-MS had four-point standard curves, bracketed around sample concentrations, with check standards used every 15th sample. An additional fractionation procedure was undertaken to determine NaOH-P and Ca-P on sediments (Ruban et al., 1999) . Th e NaOH-P in a solution:soil ratio of 100:1 (v/v) was extracted with 1 mol L −1 NaOH, and the supernatant was digested with 3.5 mol L −1 HCl. Th e Ca-P was extracted from the residue or cake from NaOH-P extraction using 1 mol L −1 HCl. Both forms of dissolved inorganic P for NaOH and Ca-P in the supernatant were analyzed using the molybdenum-blue Murphy and Riley (1962) procedure. Th e NaOH and Ca-P extractions took place to demonstrate dynamics in the larger P wetland sediment pool that may occur if substantial losses of the bioavailable P pool occurred. Additionally, the NaOH-P extraction allowed for comparison of NaOH-P (Fe-P) and P ox (Fe ox + Al ox ) values from oxalate extraction. Within-site and among-site variation was determined with one-way ANOVA. Dual site comparisons occurred with Mann-Whitney U test for comparisons of sites with varying sample sizes. Th e data were log and arcsine transformed to fi t with the assumptions of normality. Pearson's linear correlations were used to test for change in concentrations and factors through time. Alpha was set at 0.05.
Results and Discussion
Site Hydrology
Th e simulated hydrograph was similar to the targeted model, with a peak discharge of 85 L s −1 about 1 h after fl ow initiation. Th e managed wetland was inundated throughout the duration of the artifi cial event (4 h), but the duration of inundation varied between sites for 130 d after the artifi cial event (Table  1) . Increases and decreases in percent inundation were a result of natural storm events creating runoff from adjacent agricultural fi elds into the wetland after the simulated runoff event. Over 130 d, the 100-m site was the least frequently inundated, with a mean inundation percentage of 24%, which was signifi cantly lower (F = 8.98; p < 0.001) than all the other sites within the managed wetland. No outfl ow occurred from the downstream end of the wetland during simulated event, and no outfl ow occurred during the period after the event until Day 22. During this period, runoff into the wetland occurred from the fi eld drainage slough and ditches and gullies after storms. Measured fl ow from the fi eld drainage slough occurred about 25% of the time over the 130-d period, with an average fl ow rate of 0.18 ± 0.17 m 3 s −1 when fl ow was occurring. Outfl ows from the wetland to the river were less frequent but were of greater magnitude. Outfl ow was recorded for only 20 of the 130 d but averaged an estimated 0.26 ± 0.16 m 3 s −1 for periods when fl ow was occurring. Th e wetland was fl ooded by the river on days 128 and 129 after the artifi cial runoff event, forcing overfl ow from the wetland into the lake cell.
During the simulated runoff event, 270 kg of soil was added to 700 m 3 of water released from the lake cell, which should have generated an average SS of 322 mg L −1 , assuming SS lake = 7 mg L −1 and w = 30%. Mean measured SS at the release point during the runoff event was slightly higher (?375 mg L −1 ). Comparing TIP and DIP water column concentrations, there was a signifi cant decrease in TIP and DIP concentrations with distance from injection point. Inorganic P peaks occurred at 100 m (3.9 mg L −1 ), 300 m (3.7 mg L −1
), and 500 m (2.8 mg L −1 ) at 1.5, 2, and 2.5 h after the start of the simulated event, respectively. Th ere were no signifi cant correlations between water column TIP and DIP for four of the fi ve transect locations. At the 100-m site, however, there was a signifi cant positive correlation between TIP and DIP (r 2 = 0.864; p < 0.05) (Fig. 4) , suggesting that inorganic P might have been intricately tied to P sediment dynamics at this site. Variable inundation of the 100-m site might explain this relationship and suggests increased availability of inorganic P due to a lack of inundation. Ide et al. (2008) showed that drier soils increased the particulate P fraction in runoff events, thereby increasing total P in the water column.
Sediment Phosphorus Dynamics: Water-Extractable Phosphorus during Runoff
Th e pH of the overlying water column throughout the wetland was considered neutral, ranging from 6.29 to 7.62 through all sites and time (Table 2) . Mean dissolved oxygen concentrations were low over 24 h (<5 mg L −1 ), and temperatures (>25°C) were typical for summer conditions across all sites (Table 2) . Particle size analysis of transect sediments highlighted >60% silt content for all sites except the 100-m site. Th e 100-m site had the highest percentage of sand (50.8%) for the entire site. Similarly, the least C (1.5%) and N (0.12%) percentages occurred within the 100-m sediment as compared with all other sediments (Table 3) . Th e neutral pH, the lack of sorption sites due to the higher percentage of sand, and the low percentage of C within the sediments suggest that sediments at the 100-m site exhibited greater capacities for P dynamics and fl uctuations and less P sorption capacity (Andersen, 1975; Zhuan-Xi et al., 2009 ). Figure 5 describes the temporal variation of P w sediment concentration during the simulated runoff event as well as 130 d after the event. Th e range of P w for the managed wetland was between 34.5 and 64.9 mg kg −1 for the duration of the simulated event. Th e mean sediment P w concentration across all sites for the duration of the experiment was 51.49 ± 5.5 mg kg −1 . Th e 500-m site was the only site that had signifi cant (r 2 = 0.787; p = 0.01) decreases in P w through the 4-h runoff event. Th e ranges of P w after the event ranged from 9.5 to 160 mg kg −1 , with a mean P w across all sites of 45.5 ± 37.8 mg kg −1 (Fig. 5) . Th e variability in P w among sites increased from 32 to 130 d after amendment of the event, which matches the variability in inundation and water level across the wetland for the same time period (Table 1) . A closer look at site-specifi c P w concentrations highlights signifi cant diff erences in mean P w among sites during the simulated runoff event (F = 2.77; p = 0.01) (Fig. 6 ). Th ere were signifi cantly lower P w concentrations at the 10-and 40-m sites as compared with the 100-and 500-m sites (Fig. 6a) . Th e 100-m site had signifi cantly higher P w concentrations (p = 0.01) than all other sites combined (Fig. 6b) . Olila et al. (1997) reported on an experiment of dissolved P from fl ooded and drained soils. Phosphorus fl ux from refl ooded soils after a 6-wk period of draining was 10-fold higher (334 mg P m −2 d −1 ) than soils drained for 3 wk (33 mg P m −2 d −1 ). Studies suggest that drawdown at varying temporal scales exposes sediments and enhances organic matter decomposition and mineralization, which triggers the release of immediately available inorganic nutrients, such as P (Ide et al., 2008; Sharpley et al., 2007) . Th ese studies correlate the fi nding of low-percentage C in the 100-m sediments in the current study. Antecedent drying and fl ooding of this portion of the wetland may have resulted in greater decomposition rates and thus lower C concentrations in sediments (Table  3) as compared with other sites as well as the availability of P. Ide et al. (2008) highlighted a strong negative relationship between antecedent precipitation (i.e., dry conditions) and P load, suggesting that P is lost more rapidly on rewetting of sediments with a history of wet/dry cycling. Additional data have shown that water repellency in sediments is generally most severe when soils dry out, which can lead to enhanced Hortonian fl ow (unsaturated overland fl ow) and to associated increases in suspended sediments and associated inorganic P (Doerr et al., 2003; Ide et al., 2008; Shakesby et al., 2000) .
Sediment Phosphorus Dynamics: Hydroperiod Infl uences on Phosphorous Availability
Extending the temporal scale to 130 d after the event, there were signifi cant decreases in P w concentrations for all sites through time (all sites: r 2 = 0.706; 100-m site: r 2 = 0.642; p = 0.02) (Fig. 7) . Th ere were no signifi cant diff erences in P w Table 3 . Particle size and carbon and nitrogen of sediments along each transect within the Coldwater Bendway, Tunica, Mississippi.
Transect
Sand Silt Clay C N C:N ratio among sites through the wetland, through 130 d after runoff , and throughout natural fl ooding events (Fig. 6) . Th e 100-m site was highly variable among replicate P w concentrations within each sampling period (Fig. 6 ). Th is high variability is hypothesized to be a result of within-site hydrologic heterogeneity between the fl oodplain and channel samples removed, which were exposed to varying degrees of inundation and saturation within the 100-m site. Water-extractable P across all sites signifi cantly decreased (F = 23.42; p = 0.001) between the end of the event (24 June) and after 130 d (1 Nov.) (Fig. 8) . Mean P w concentrations were similar at the end of the experiment between 1400 h (50.4 ± 3.5 mg kg ) and 1500 h (49.1 ± 3.8 mg kg ). Comparing mean percentage reductions between the least-inundated site (100-m site) and all the other sites, there were signifi cantly higher percentage reductions of P w in the 100-m vs. all other sites (84 vs. 66%). Th is suggests that sites that are inundated for longer periods of time desorb less P w immediately to the environment than sites that have periodic or ephemeral inundation. Levels of NaOH-P were similar between fi nal sampling eff orts (1400 h: 240 ± 7.8 mg kg 2+ is highly soluble and prone to leaching and thus provides a higher potential for P desorption associated with the larger Fe pool under reducing conditions. Th is result is similar to fi ndings by other studies (Braskerud et al., 2005; Jiang et al., 2008; Newman and Pietro, 2001; Nguyen and Sukias, 2002) that suggest that Fe ox and the P pool associated with Fe changes through time with inundation as a result of biogeochemical changes, with concomitant P desorbing from the sediment as Fe is reduced. Th e inferred connection between higher Fe concentrations and increased variability in drained and fl ooded conditions and higher P desorption cannot be established without experimental replication.
Th ere was a statistically signifi cant decrease (log transformed; F = 6.78; p = 0.0032) in sediment Ca-P between 1400 h on 24 June and 1 November. Concentrations of Ca-P at the 100-m site decreased by 32%, compared with 12% for inundated sites (Table 4 ; Fig. 8 ). In alkaline upland soils (pH >8), available phosphate combines with calcium ions to form less-soluble compounds (e.g., tricalcium phosphate) (Kõiv et al., 2010) . Th e precipitation of phosphate anions with calcium minerals is typically dependent on the available P concentrations in the water column (Plant and House, 2002) , driving whether phosphate is absorbed into the Ca-mineral structure or adsorbed to the mineral surface. Studies suggest that concentrations of phosphate in solution inhibit the formation of Ca-P minerals (Diaz et al., 1994; Plant and House, 2002) , with higher water column concentrations favoring the formation of a higher Ca-phosphate phase. It is unclear what biogeochemical mechanism resulted in variable decreases of Ca-P within areas of the wetland, but a decrease in the sediment Ca-P concentration suggests a release of phosphate anions adsorbed to the available Ca minerals.
Conclusion
Managing wetland functions in primary and secondary aquatic systems within an agricultural landscape is a viable management strategy for nutrient reduction. Reducing variability in hydraulic residence will enhance certain biogeochemical processes for nutrient reduction (i.e., denitrifi cation); however, it could also result in Fe reduction and potential P desorption into the water column and thus can increase the Table 4 . Concentrations of dissolved inorganic phosphorus and total inorganic phosphorus of the water column and water-extractable phosphorus, iron oxalate, NaOH-P, and Ca-P of sediments across all transects through all time periods sampled in the Coldwater Bendway, Mississippi.
Time period
Water † Sediment ‡ DIP TIP P w Fe ox NaOH-P Ca-P § 10 m ---mg L −1 -----------------mg kg −1 -------------- fl ux of P downstream. Th is study highlighted that increased inundation resulted in less immediately available P (P w ) and Ca-P and in no diff erence in NaOH-P in wetland bed sediments. It also suggests that increased wetland inundation duration and hydrologic stability could result in reduced P yield to downstream receiving systems. Increased wetland inundation duration could be achieved with a variable controlled drainage structures within the wetland. Riser technology that provides variable height of inundation could be used, as well as lowgrade weirs, spatially arranged throughout the wetland to provide multiple locations of inundation. 23.6 74.1 (6) 256.0 (43) 129.7 (36) † DIP, dissolved inorganic phosphorus; TIP, total inorganic phosphorus. ‡ Fe ox , iron oxalate; P ox , phosphorus oxalate; P w , water-extractable phosphorus; § Ca-P time periods: 5 h = 1400 h, 6 h = 1500 h. ¶ Values in parentheses are SD.
# Data missing due to lack of water and loss of sediment sample. 
